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ing siich is dis c losed. A mold fdnn material 
(16^ is created by adhering solid paiticies- 
togelher to fonii a poraus networic A liquid 
phase of a final prodoct is foiced thraagb 
the inieistices of the mold fDnh ( 164). aiid 
most of the Uquid mataial is fonxd out 
of the intentices leaving a thin coal (162). 
Neict. the thin coat is cored to prodiKe a thin 
coat of a polymer such as lilicoRe lUbber 
(162). Next, the mold fomi material (164) 
is dissohred out cieating a porous structure 
eontataiing only the cured polymer. 
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POROUS MATERIAL PRODUCT AND PROCESS 



BACKGROUND OF THE INVENTION 

5 

The present invention relates to a device, at least a portion of which is porous, for 
use as a prosthesis, treatment implement, and other utility, and a process of fabricating 
such device. 

The applications and uses of synthetic biocompatible implements and devices 

10 adapted for implantation or installation in or on a human body have dramatically increased 
in recent years. Such implements and devices bchide soft tissue implants for use. for 
example, in breast augmentation, chin, nose, ear and other body part reconstruction and 
the like, nerve cuffs and scaffolds, lymphedema shunts, percutaneous skin and blood 
access devices, insulin cell producing implants and other cdl sequestrating cage devices. 

15 . artificial tendon and ligament and tendon and ligament repair, prostheses, artificial heart 
. .. and vasctilar prostheses, bum dressings, and drug infiising, releasing or deliyery ^devices. 
Oftentimes, devices of the type 4^scribed above fell due to problems at the 
implant-tissue inter&ce. As early as 1970. Homsey, recognized that if the implant size is 
in the order of centimeters, a "fibrocartilaginous" membrane -or capsule isolates the. 

20 implant fiom normal tissue. If the implant is perforated so that the interstices (pores and 
pore interconnections) are of the order of Imm or less, the implant becomes woven with 
the tissue, rather than encapsulated as above (Homsey, C.A., 1970, J. Biomed. Mater. 
Res.. 4:341-356). Smooth-walled silicone breast implants fail in the order of alicone shell 
surrounding gel, were developed, but with nuxed results. For the prostheses using a 

25 . silicone shell, the polyurethane foam was mechanically fixed to the shell with alicone 
adhesive. .However, the interface between the foara and shell was weak and oftentimes 
resulted in ddamination, sometimes with leakage of the silicone gel into the surrounding 
tissue. . For the prostheses not utilizing a silicone shell, the gd would typically leak or ' 
"bleed" throu^ the polyurediane cover into the surrounding tissue. Such "contamination" 

30. of the surrounding tissue with the gel caused local inflammation and gel migration to 
. dist^ brgans. Also, because ofthe three-dimensional interlocking nature of the pores 
witlun the polyurethane foam, the relatively indastic nature of the polyurethane, and the 
large ratio of ingrown tissue compared to the amount of material in the foam, a "Chinese 
handcuff" type atuation (ingrown tissue locked with foam) was created with the tissue, 

35 making it very difiBcult to remove or change the prostheses. Further, polyurethanes, as 
a class, are biologically imstable and will chemically degrade, giving rise to structure 
breakdown, sometimes with severe mflammation. A rec«it c ncem with such chemical 
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degradation is the potential for release of toluene diamine (TDA). a chemical which, even 
in small amounts, is known to cause cancer in laboratory animals. 

Previous approadies to forming porous materials (for implants or other uses) have 
typically included use of bubble-40-60 percent due to this thick "fibrocartilaginous" 
membrane (capsule) which forms around the implant creating a hard, inelastic, and often 
painful feding in^lanL This fibrous capsule also creates other problems around implants 
in general because it is composed mainly of dense compacted collagen, and fibroblasts, 
with little or no vascularity. This leads to isolation of the implant, the implant-capsule 
interface, and the capsule itself from the nutrient, m«aboUc, and cellujar advantages of 
good blood supply, making the implant site more prone to infection, and the infections less 
amenable to treatment by natural resistance mechara'sms and/or blood borne antibiotics. 

Porous devices known under the trade names Ivalon Sponge (poIyvin>dchloride) 
and Ashley breast prostiiesis (polyureUiane) were created to aUow tissue Ingrowth into the 
ix»res within the implant. These devices were totally porous, sponge-like dtrnces which 
didn't limit the tissue ingrowth into the pores or Umit Implaiit access to bodily fluids and. 
with notiiing to stop or control such ingrowth' or fluid access, poor quality ingrown tissue, 
with interior caldfication and hardening, resulted. Such hardening is not only 
uncomfortable to the redpient but also unnatural in appearance and function. 

In an attempt to sohre some of the above problems, at least with breast prostiiesis, 
polyurethane foam covered silicone rubber breast protheses, botfi with and witiiout a 
forming technology, sintering of metal or polymer particles into a partially fused body, 
expansion of polymer melts or solutions (such as used to produce Gortex), processing 
fibers to produce fabric fehs, vdours, meshes or weaves, and replicating or duplicating 
tiie microstmcture of carbonate animal skeletal material. See. for example. White, R.A., 
Weber, J.N. and White. E.W., "Replanineform: A New Process for Preparing Porous 
Ceramic, Metal, and Polymer Prpsdi^c Materials," Sdence, Vol. 176, pp: 922-924; U.S. 
Patent No. 3,890.107; Leidner. J. et al., "A Novd Process for tiie Manufacturing of 
Porous Grafts: Process Description and Product Evaluation." Journal ofBinm.^;r«| 
Material? Research. Vol. 17, pp. 229-247 (1983) Among the problems of using bubble 
technology to produce porous materiab is tiie difficulty of sqiarately controlling pore size, 
pore shape, and pore interconnections. Also, the resulting pores typicaUy include sharp 
edges and terminations which can cause accelerated inflammation and thus problems 
and/or discomfort when implanted. The sintering and polymer expansion approaches are 
limited to tiie use of only certain kinds of materials, typically metals for sintering and 
p lytetrafluoroethylene for polymer expansion, and these may not b materials having the 
desired flexibility. rcsiUency. biocompatibility, or tfie Uke. The processing of fibers is 
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limited because only materials which can be made into fibers can be used, and the resulting 
structure is basically two-dimensional. The replication of carbonate animal skeletal 
material, although suitable for some uses, requires milling of the material to the desired 
size and shape, and again the pore size and shape cahnot be controlled. 
5 Two recently issued patents, Nos. 4,859,712 and 4,889,744, disclose the use of 

dissolvable particles initially placed on uncured silicone, curing the silicone, and then 
dissolving the particles to yield a silicone product having a purportedly open-cell porous 
surface. The piaiticles mentioned in both patents as the preferred solid soluble particles 
are crystalline sodium chloride (salt) and no other exemplary particles are identified. A 

10 number of problems or di£Qculties are preseilt with the methods disclosed in the two 
patents induding the di£Bcuhy of obtdning a completdybperi-ceU 
particles are simply placed in the surface of the implant ,1^^ 
i is ciked ahd the saltpaitidesdis5ohred.,,Since,in^ a 
mostly closed-cell section is produced except at the surface layo;. With thii technique, 

IS it is also difficult, if not impossible, to premold the solid partides into predetermined 
desired shapes (since sah frartides do not hoiid tog^er and therefore cam 
and the depth of the porous portion, and the size and shape of the structural 
interconnections surrourkfing the individual open cells cannot be controlled (since salt 
crystals can only be pressed imo contact with one another but do not inherently stick 

20 together). 

Since the treatment possible with the approaches disck>sed in the above two 
patents is onfy at the surface and doesn't extend in a true three-dimensional direction, the 
fibrous capsule created after implantation has essentially the same thickness artd density 
as with a smooth sur&ced implantl A true three-dimensional unitary porous silicone 
25 rubber prostheas has not been available until the technology of the present hivention was 
devdoped.; 

DESCRIPTION OF THE DRAWINGS 

30 The above and other objects, features and advantages of the invention will become 

apparent from a consideration of the following detailed description presented in 

connection with the accompanying drawings in which: 

FIG. 1 shows a ade, cross-sectional view of a container in which b deposited 

sugar mold material for making a porous matmal product, and an enlarged view of a 
35 portion of a soUdified sugar mass, in accordance with the ptindples of the present 

invention; 
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FIGS. 2A, 2B and 2C show fragmented, cross-sectional views of a sugar mass in 
a container, and resulting final porous products, respectively, 

FIGS. 3A and 3B show an elevational, cross-sectional view of a container with 
sugar mold material and final product material, and an elevational. cross-sectional and 
fragmented view of the final product, respectively; 

FIG. 4 shows an enlai^ed cross-sectipnal, firagmented view of final product 
material which includes fiber fragments, in accordance with the present invention. 

FIGS, 5A, 5B. 5C and 5D show elevaUonal, cross-sectional views of a mold 
container shown in the opoi position, two closed positions, suitable for use in accordance 
with the process of the present invention, and a final product, respectively; 

- FIG. 6 shows a side, cross-sectional view of a product having top and bottom 
porous sections with a middle, nonporous section; 

FipS. 7A. 7B and7Cshow cross-sectionjd yiwsof a mold TO^ 
im^lam model. a mold contafaferfiUed with the liiikl' p^^^ ahd^e resulting 

final product implant,' respectively; ' ' ' ^ ' 

FIGS. 8A. 8B; 8C and SD show ^levatipnal, cross-sectional views of a mold 
container for constructing a mold fomi, the inold form with the final product material 
applied, and two versions of the final prosthesis. respecUvely, in accordance with the 
present invention; 

FIG. 9 shows an devational. cross-sectional and fragmented view of a prosthesis 
for use as a drug delivery implant; 

FIG. 10 is a side, cross-sectional view of a porous met^ alloy produa made in 
accordance with the present invention; 

FIG. 11 shows a cross-secUonal arid fragmented view of a doubly-porous 
prosdiesis. with mold form still in place, made in accordance with die presem invention; 

HG. 12 shows a cross-sectional. fragmented view of a final porous pn>duct with 
a coating of material on the pore surfeces, made in accordance with the principles of the 
present invention; and 

FIG. 13 is a side, cross-sectional, fi^ented view of two mteriocking materials 
produced in accordance with the present invention. 

DETAILED DESCRIPTION 

In canying out the process of construabg porous or partially porous products in 
accordance whh the present mmidon, a first step is simply to select the mold material for 
use in forming the selectively removable open-celled porous mold f rm (SRO-CPMF) 
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from which the final product will be molded. Such mold material, advantageously, is 
readily available, inexpensive, and resistant to dissolution by the liquid form (or the 
dissolved or dispersion form) of final product material. Also, the mold material should 
be available in selectively sized and shaped particles which may readily adhere together 
5 (or be made to adhere together) to thereby assure a continuous and entire open-cell 
product when the mold materia is removed or (fissoh^ away. Finally, the mold material, 
when in the mold form, should be readily removable without significantly altering the final 
product (or product material) . This removal m^ be by dissolution by some solvent which 
does not significantly dissolve the final product material. Alternatively, the mold material 

10 may be melted (or burned) out of the final product material if the melting point (or burning 
point) of the mold niateHal is bdow that of die final product tnate^ 

The final product materid likewise would be selected, to have the dedred 
'characteristicMSi for example^ flexible and reaUmtfpr some.applications in^which case: 
^cone mbber might be sdected, and rigid in other appHcatioiu in which ca^ 

15 resin, epoxy resin, metal or metdaUqy or oerimiicnuy be sde^ 

In the first example to be cfiscussed, k partially porous device wi^ 
well as a method of cohtroUuig the location of porous and rionporoussec^ In this 
illustrative embodiment, sugar is selected as the mold material or SRQ-CPMF. and ■: 
silicone rubber is selected as the final product material. 

20 Sugar may be obtained with fairly uiiiform particle size and faceted crystal shapes 

and, if even greater uniformity ^f size is desired, then the particle size may be selected 
using standard screen-sizing techniques. 

Once the desired particle aze and size distribution for the sugar mold nuterial are 
obtained^ the sugar particles are nuxed with de^bnized or purified water in a volume ratio : 

25 of finm 84o 25 parts sugar to 1 part wat«-. If a higher percentage ofporxysity in the final 
product is deared^ then more water is added to the nibcture to produce greater surface 
contact and fiising of the sugar particles, and this, in turn, produces more tnimerous and 
larger pore ihtercoimections. A lower pen:entage of porosity in the 
acMeved by using less water^ thus resulting in less contact i^d more space between the 

30 SRO-CPMF particles. If a laiger pore aze in the final pn>duct is dissired,^ a 

size is chosea Conversely, if a smaller pore size in the final product is desired, a smaller 
particle size is chosen. 

The sugar and water are thoroughfymbced until aU of the sugar particles have been 
contacted by the water and to some extent partiaOy dissdved resulting in a saturated sugar 

35 solution (no more dissolution can take place). When the ddsired consistency is reached 
and the mbcture is stabilized, th resulting m ist semi-solid mass (moldable mass) may be 
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molded into any desired shape by placing it in a pre-shaped moid and aUowing it to 
solidify into the mold form, i.e., allowing or causing the water within the mold form to 
evaporate and the sugar n solution to recrystallias and precipitate on and between the 
sugar particles. HG. I shows a crosslsectional view of a conventional cyUndrically- 
shaped container 4 in which is deposited a moistened mass of sugar 8 Section 12 of the 
sugar mass represents a magnified portion of the sugar granules 20, with the voids 1 6 
between the granules. 

Solidification of the moldable mass into the SRO-CPMF may be accderated by 
supplying dry air (which may be heated) to the mass. fi»r example. Freezing, fieeze drying 
or vacuum desiccation, with or without added heat, may also be utilized to cause the mass 
tqsoUdify. Enlarged view 12 of the SRO-CPMF shows the sugar granules or particles 
20 fiised together, leaving voids 16 between the particles. 

Mer soHdification, the sugar mold form niiv^c^ 
4 (FIG. 1) or removed frbm the container 4 (as will be the case in the FIG. S.description 
hereafter), depeiiding bii the nature of the final product de^. For exaniple, by leaving 
the sugar mold form in the container 4, the nwss vHil ihaintain contact with and adhere to 
the container walls 24 (FIG. 2A) k) that supply of the fin^ product material to the mold 
form (to be described rhomentarily) will resuh in a porous surface 28 in the final product 
(FIG. 2B), with the surface pores 30 being formed by the sugar particles 26 of the mold 
form (FIG. 2A) in contact with the Container wall 24. On the other hand, if the sugar 
mold form 8 is removed fi^m the container (or the adherent surface at the container waU 
is eliminated) and the final product then suppUed to the mass for example, as it is held in 
a larger container 38 (FIG. 3 A), the surfece exterior 40 (FIG. 3B) of the final product 
(covering the sugar mold form) wiU not have por«». HG. 3B shows this nonporous 
surface area and section 40, with i porous interior 42; the thickness of this nonporous 
section 40 wiU depend upon the quamity of final product material appUed to the outside 
of the mold form. 

Another iUustrativc method for fonriing the SRO-CPMF involves placing pure 
sugar particles of the desired size in a metal container and then heating the particles slowly 
to slightly below or just at the sugar mdting point. WWle this is being done, the sugar 
particles are compressed and forced to contact each other, and then the mass.is allowed 
to cool. The more the sugar particles are compressed together, the more numerous and 
larger will be the size of the particle connections, the more dense will be the SRO-CPMF, 
and the greater Avill be the percentage porosity of the porous portion of the final product, 
and vice versa. After cooling, the mold form may either be removed &om the container 
or left in contact with the container as discussed above. 
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After the sugar mold form is completed, a medical grade silicone rubber is 
catalyzed, mixed and de-bubbled in a conventional manner to achieve a liquid state and 
to prepare the alicone lubber for subsequent pofymerization, i.e., conversion from liquid 
to solid state. The prepared, catafyzed silicone rubber is then forced into and through the 
interstices or pores of the sugar mold form, for example by pressure application to the 
silicone rubber, vacuum application to the mold form, gravity flow, mechanical agitation 
or a combination of these techniques, all of which are well-known. The thickness of the 
porous portion of the final product can be less than or equal to the thickness of the SRO- 
CPMF. This can be specifically bontnollcd by controlling the d«^th of penetration into the 
SRO-CPMF of the liquid form of the final product material. If the liquid is forced to 
completely penetrate the mold form, the specific thickness Of the SRO-CPl^ itself can 
be used to control the thiclaie» of the porous portion of the de^ce. . 

Following supply of Equid alicone lubbo- to die mold form, the silicone rubber is 
allowed (or caused) to polymerize after i^ch the sugar mold form is dis^lved by a 
suitable solvent Cm this case de-ionized water) and agitation. What is left after this step 
is the desired silicone rubber final product! A number of washbigs may be required to 
completely remove all of the readual sugar and ultrasonic water baths or other agitation 
is especially effective to do this. Also, hot de-ionized water or steam rinses could be 
utilized, afto- vvfaich the final product would be dried. 

If the combined structure of the SRO-CPMF and final product material was 
developed by removing the mold form from the container before applying the final product 
material to the mold form (FIG. 3 A), then a coating of final product material would 
surroimd the mold form resulting in a nonporous covering 40 so that there would be no 
access for the sohrent to reach and dissohre the mbid fornri 8 CFIQ. 3A) . In this case, a 
small portion of the final |»odurt material would be removed at a suVface location to allow 
access of the water soWtion to the mterior Ahemately, needle penetration of the solid 
product material 40 could provide the deared access for the walo- solution, aiid removal 
of the dissolved sugar. 

The thickness and shape of a nonporous sur&ce portion of a final product can be 
readily adjusted by standard moWing or injection molding die techniques, such as by 
sdectii^ an appropri«dy sized iuid sbaped contamer in which to place the mold form and 
then filling tile container or mold vnth tfie unpolymerized silicone rubber. If the SRO- 
CPMF occupies only a smaD volume of tiie coiitainer, tiien tiie thickness of tiie non- 
porous portion of the final product wUl be great. The size and sh^e of Uie non-porous 
pOTtion of the final product is detemrined by tiie size and shape of tiie coirtainer in which 
the mow fijrm is placed less the size and shape of the mold f rm placed in the container. 
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The shape and the amount of the porous portion of the final product will be 
determined by the shape and the portion of the mold form filled with the final product 
material. Any portion of the moid form not filled with the final product material wiD result 
in a void 142 in the final product (see HGS. 8C and 8D) . The position of the porous 
portion relative to the non-porous portion of the final product will be determined by the 
placement of the mold form within the mold. 

Except in a case to be described later (where a gas is forced through the mold 
form), one portion of the surfece of the final product materia] will be non-porous. This 
portion corresponds to the location of introduction of the liquid form of the final product 
material into the mold form. By, controlling tfie adherence of the mold form to the 
^^^tainer or mold surfaces, the completeness of penetration of the liquid form into the 
mold form, and by controlling which surfec* ahsa W 

the liquid form of the final product material is introduced Into the mold form, the location 
of the openedH*!! surfeas and the b^aaion of the non-poroiis^rfkces may be controlled. 
For example, a jffoduct inade i^ 

non-porous on the upper surfiice. As an example, using the adherent container wall 4 to 
the mold form 8 in HG. 1. this would be done by introduang the ^ product material 
to completely penetrate the mold form 8 oh its entire upper surf ace. keepmg the lower 
surface of the mold form adherent to th«i container waUs. Altematwelyi the final product 
material could be applied to penetrate only partway into the mold form. Either example 
results in a partially porous final product (FIG. 2C) with a nonporous upper surface 32, 
and a porous portion 34. with porous surfaces on the sides and bottom of the porous 
portion 34. However, if the firial product material is mtroduced from the side, wi^^ 
otherwise adherent (to aU the container walls) mold form within the rest of the mold, the 
upper and loww surfaces of the sheet, as weU as the sides where the liquid is not 
introduced wiD be porous. In this manner, the surfices of the porous portions versus non- 
porous surface portions of the device can be controlled. 

The final silicone hibber product which is at least partially porous is cured 
(polymerized), for example, in a drying oven for 15 minutes to 1 hour at a temperature 
rangbg between 275 degrees F. and 425 degrees Fi. dependiAgupon the spedfic siKcohe 
rubber used. The final product can be fiiither formed or sculpted by cutting or adding to 
the product or hy ghiing other solid or porous siUcone rubber, parts or materials. 
However, the adyantage of the method of the present invention is tiiat rarely would one 
need to cut. glu^ sculpt or add to the final product, since tiie variables between; die 
porous and non-porous porti ns can be separately controUed. Cuttirig. gluing and 
sculpting, etc. also add interfaces and irregularities, stress risers and contour defects. In 
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the method of the present invention, the porous and the non-porous portions of the device 
can be unitary, without interfeces, defects or contour irregularities. Standard packaging 
and sterilization procedures can then be performed if desired. 

With the above-described iMocess for forming open-cell porous products, complex 
5 shapes, forms and sizes may be readily fabricated. Also, there is no limitation as to the 
location of the porous portions of the product as there is with prior art methods. 

A secomi exanq}le of the ]»e5em im^on win now be described in which the pore 
size of the porous portion of the final product will vary, initially, small particles of sugar 
(e.g., 50-75^) are placed in a container to a depth o^ for example. 0.2mm. Another aze 
10 range ofpaTticlesofsugar(e.g.,100-150A/) are then idaced to another specified depth, say 
0.3mm, over the first layer. This is continued until a final layer is added, say 200-300// 
partides size, for a depth of O.emm. The SRCK;PMF partdes & 
, made to sddc together, dtliex by addnig a saturated solution of sugar to aill of the particles 
. . and draining it off the bottom by vacuum, or by exposing the container and graduated 
15 sized partidesto near 100 percent humidity for 15 nunutes to 4 hours, and then allowing 
the SRO-GPMF to dry (harden) Alternatively, the particles may be heated just to the 
mehing point, compacted and cooled as descnlxMl previously. The SRO-CjPMF is then 
filled with the liquid fomi of the final product material as previously described-here 
silicone rubber. The resultant product is a partially porous device where the porosis 
20 varies selectively or continuously as desired, bom one area to another, this is illustrated 
in FIG. 3B where the pore size varies ff'om smaller to larger in the direction away fitim 
the nonporous section 40. 

With the abov&-des(aibed medibd, many usefiji devices have been produced, such 
as vascular graft iMostheses made fi^pm medical grade alicone rubber, Biomer, and Biolon 
(medical grade polyurethanMi). The blobd-fedng surface of vascular devices have been 
constructed as above \wth pore sizes of 25/i, 50/4 75/* and 100/<. The pwosity tiirough 
the rest of the product may range fiT)m 30// to 300/i, with a WaD thickness 1/2 to 2mm. 
Geo cultures of endothdial and smooth muscle ceDs have breri grown on the blood-fadng 
sur6ce of the device where the poroaty asasts the attachment and, subsequehdy during 
iniplantation. the porosity adds to the hutrhion of diese cells during and after the ingrowth 
of tissue and neovascularity. 

With larger pore Mzes (50A to lOOA) on the blood-feeing surface of vascular 
grafts, pre-clotting the graft is necessary. After tissue ingrowth, the iieovascularity may 
support neointimal cdhjlar r^eneration on Uie blood-fadng surface of the device witii or 
without cell culture seedmg. 
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The vascular prostheses described above may be implanted into subcutaneous or 
intramuscular posiUons. After the prosthesis walls become fiUed with Ussuc (from several 
minutes [pre-clotting] to several days [cell seeding] to several weeks (tissue ingrowth] 
depending on the type of tissue desired) . the prosthesis may be removed from its position 
and transplanted as a composite (composed of two types of material-tissue and polymer) 
graft into the recipient site, in this case a blood vessel. In this way. a vascular graft 

composed of tissue (as weU as polymer) can be used as a live autogenous graft without 
creating the donor site morbidity of sacrificing a blood vessel In a simUar fashion, many 
types of tissue may be transplanted including bone mairow, liver, pancreas, collagen, or 
neovascularity or any tissue or cell culture which can be made to grow into the porosity 
of the implant. 

A third example of the invOTtion involves the use of fibers disposed w 
within and extending from, the porous section of Uie final product, for reinforcing or 
changing the charictm-stics of the ^oroWty of the final product .^ The constnioion of such 
a find product will now be desCTibed. 

After mixing tiie sugar mbld^ble mass, as in the first example (see FIG. 1) 
. commercially available fibeighiss or carbon graphite fibers are cut to the desired length.' 
for example. lcm..'and mixed randomly with the moldable mass. The moldable mass is 
tiien placed in a container as before aiidaUowcd to soKdify. fonning the SR^^^ For 
any given fiber, part of Uie fiber is within the sugar, either resting on a particle which has 
been partially dissolved and subsequently has some additional sugar, deposited and 
reaystallized on its surface, or within sugar deposited and solidified at the particle surfece 
and/or the particle connection. Also for any given fiber, part of the fiber may not be in 
contact with sugar but nrthcr simply exteiKifato the v^^^^ If aflexible 

reinforced pon)us section is desired in the final product, final product material, such as 
siliconembberUselected. If a rigid final product is d«rired. polyester or epoxy res^ 
intnxlucedintotiievoidsoftheSRO-CPMF as previously de^^ Thepart of the fiber 
which is exposed within the void becomes coated and incoiporated vrithin the matrix of 
the final product material. The ?ugar ofthe SRO^MF is then dissolved so that ti^^ 
of the fiber 41 (FIG. 4) witiiin the sugar becomes exposed within voids 43 of tiie final 
device 45-.these exposed fibers can be ingrown by and fixed to tissue after implantation. 

The proportion of fibers mfaced into the SRO-CPMF may be varied greatly 
depending on tiie stickiness avaUed to the particles within Uie SRO-CPMF (eitiier 
inherentiy or by the binding medium used), and tiie wetability. diameter, and stiffiiess of 
the fiber itself. If tiie fiber to moldable mass particle ratio becomes too great the 
moldable mass particles become non-adherent to each otiier and the interconnecting open- 
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celled nature of the SRO-CPMF breaks down, i.e., it can no longer be used as a porous 
mold form. 

The length of the fibers used can also vary greatly. They can be oriented, pre- 
stretched or pre-woven, and placed within the container before the introduction of the 
5 moldable mass to thereby fix their position, orientation, etc. within the SRO-CPMF, and 
thus within the final product. The fibers can also be disposed to extend out of the SRO- 
CPMF, and thus out of the voids of the final product and into non-porous portions or 
outside the final product hself 

Sinulaily, a medical grade Dacron mesh (hole size about Invn) may be formed into 
1 0 a (^der. for example, having a diameter about 2nun less than the diameter of the inside 
walls of a container in which it is placed. After placement in the container, a moldable 
maiss is placed in the container about smd within the mesh cylinder, compacted, and 
allowed to solidify. This results in the mesh resting 1mm i&qm the container wall within 
its drcumference and witlun the SRO-CPMF, with sugar particles and^sugar particle 

15 connections bang in contimiity on each adb and through the me^. The SRO-CPMF is 
then removed and placed into another container, for example abcMit Inun larger in 
diameter than thie SRO-CPMF. Final prothict material, such as catalyz 
rubber, is then forced about and into the SRO-CPMF to a depth of, for example. 2mm and 
aOowed to soUdify (pdlyraerize). The SRO-CPMF is then dissolved as described above 

20 and the ends of the tube are cut off. The resulting prosthesis is inverted (turned inside 
but) yid(fing a device which is smooth and nonporoUs to a depth of l/2nun on the u^^ 
with a porous section to a depth of 2nun on the outside. The central portion of the 
porous section b reinforced droumfmntially by Dacron mesh, but with the porous section 
positioned oh both sides and continuous through the mesh. 

25 ' Thci device described above has been used as a percutaneous cufifprosthesis for 

artifidal hrart driye lines; it is slid over and glued to the Unes at their ^e^^^ 
■ the skui and this idlows tissue ingrowth and fixation at and below the skin, similar 
reinforced and fiber-modified porous prostheses have been made as vascular prostheses 
fhim medical grade blood cdmpatlble polyur^hanes. 

30 In the earlier example in «Mdi the sugar SRO-CPMF jnold material was removed 

fi-om the coiitaino- before applying the liquid nlicone rubber, one of the options for the 
final product was to make it porous on the mside and nonporous on the outside (FIGS. 
3 A aiid 3B). However, in many biomatoial uses, it is dear^le to have a porous section 
on the outside and h nonporbiis section on the inside, in various shapes and ratios. An 

35 exan^le of the use for sudi a final product is a dorsal nasal augmentation implant, and the 
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process for febric^g such a final product (as well as similar final products) will next be 
describeid. 

The first step in the process is to fomi a positive model in the exact size and shape 
of the desired final implant, made fi^om substantially any material, although the clay-like 
thermoplastic material known as Sculpey Modeling Compound has proven to be most 
satisfiictoiy. Such material is formed and sculpted by hand or with molding tools into the 
desired shape and then solidified by heating the material to 300 degrees F. for about 15 
to 20 minutes. A single positive model may be used to fabricate a number of SRO-CPMF 
molds and therefore a number of final products, and the thickness, position and shape of 
the porous versus non-porous sections may be controlled. 

The positive mpdel is then placed in a hinged rectangular container 44 made of 
polyethylene (FIG. 5A). in one half of which is placed the mold material fi,r the SRO- 
CPMF 48, such as sugar mpldable mass. The positive model 52 (in this case a nose 
implant) is then pressed partway into the mold niaterial 48 so that only its top (concave) 
anfece is deposed. A thin layer of polyethylCT^^ 

56 is then placed ova- the mold material 48 ind positive model 52. The other half of the 
hinged container is then fiUed (or overfilled) with sugar moidable mass 60 after which the 
container is closed, as shown in FIG. 5B. so that the moidable mass 60 is forced tightly 
over the sheeting 56 to conform to the shape of the exposed surface of the positive model 
52. The mold material 48 and 60 is then aUowed to dry (soUdify) and the two haWes of 
the hinged container 44 are reopaied to allow removal of the sheeting 56 and the positive 
model 52 to leave the SRO-CPMF 48 and 60 in place in the container. Alternatively, the 
hinged container 144 could be first carefiiUy opened, and the sheeting 56 and model 52 
removed to aUow drying of the moidable mass into the SRO-CPMF. 

A medical grade elastomer such as RTV silicone mbber is then forced into the 
moU fijim 48 and 60 to a depth equal to the a^red thickness of the porous surfece area 
ofthe final product. Silicone rubber is also placed in the void in the mold material 48 and 
60 left by the positive model 52 and then the cont«uner 44 is again closed, as shown in 
FIG. 5C. The silicone robber is allowed to polymerize while in th^ mold 48 and 60 of 
FIG. 5C. after which the container 44 is op^ed, the mold form dissolved, and the fin&l 
product implant removed to form a siUcone rubber nasal implant having a solid interior 
64 and a porous outside sur&ce area 68 in FIG. 5D. 

In addition to the above-described process for forming a nasal implant or similar 
final product, conventional injection molding techniques are also effective m forming with 
the SR<M:PMF, by sintering sugar or ther removable materials with heat and pressure 
in dies and molds in the desired shapes and with the desired voids or models to create the 
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voids. The final product material, i.e., silicone rubber, is then pressure injected into the 
voids and into the mold form to the desired depth, with the same molds or dies used in 
forming the mold fonn or other dies or molds as needed. The resultant device using either 
process is a partially porous final product in which the locations and thicknesses of the 
S porous section and the solid nonporous core and/or voids have been effectivdy controlled. 
A more viscous mass can be made by using com synip rather than water as the sugar 
binding dissohltion medium and this will provide larger particle contacting in the mold 
form and therefore larger pore interconnections in the final product. The visco^ty of the 
final product material will also affect the porosity of the final product when solidified if 
10 a thick viscous silicone rubber solution is used, for example, then larger pores will be 
produced in the final alicone rubber product since the more viscous uhpolymerized 
silicone rubber win cohtaath^ SRb-(l>MF partides over less surface area to effect 
incomplete sur&ce inolding. Also the pores wiii be smoother and more rounded as will 
be,the pore iiiterconnections. ...i" 
15 . . A doubVponxis membrane (porous on each ade but separated by an impermeaU 

membrane) can be formed as in the steps jiist described for the nose implant. Here, the 
process is essentially the same except the positive model 52 (FIGS. 5A and 5B) is 
dbninated; rather, the two hah^es of the lunged container are^ closed over the nonadherent 
:dieeting 56, causing the two opposing surfaces of the moldable mass material 48 and 60 
20 (separated by sheeting 56) to conform to each other. The hinged comainer 44 is then 
opened, the sheeting 56 removed, and the mold materials 4S and 60 allowed to solidify. 
The final product material is then placed between the two mold maiterial 48 and 60 and 
then forced thoeinto to the depth desired. Upon curing, a final product as in FIG. 6 of a 
nonporous membraiK 6S with two poniiis surfaces 67 and 69 is pr^^ 
25 of the n6ii-ponxisinembrai)e6S can be controlled by controlling the thickness of the non- 
adherent sheeting 56 and the degree to wluch the two oppqsuig sur&ces of the SRO- 
CPMF are forced tog^er. Complex shapes and in^Iements such as tubes and external 
surfkcmg for use m artificial hearts and v^eb, pbnMis on one or both sides, have been 
created in a similar manner utilizing silicone and biocompatible polyurethanes. 
30 Another exaii^e of a partially porcais device made in accordance with the present 

invention is a breast implant, the beginning positive solid model, for example, 
; polymethylmethaaj^ate formed with Utt desii^ curvatures and dimenaons by machining 
or other suitable forming techniques, is polished and cleaned so that there is no 
contamination. Then, as with the forination of the nose-bridge implant, a huiged 
3 5 rectangular container 74 (FIG. 7A) somew^t larger than the positive model 82 is filled 
with the sugar moMable mass 78 and 80 on each side. The polymethylmethacrylate breast 
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implant model 82 is then pressed partway into the moldable material 78. in one half of the 
container so that the upper convex surface of the model is exposed. A.thin layer of 
polyethylene sheeting 86 or other thin, npn-adhering sheeting material is then placed over 
the model and the container 74 is closed tightly over the polyethylene sheeting. The 
moldable mass 78 and 80 is then aUowed or caused to solidify as in the previous examples, 
after which the container 74 is opened and the model 82 and the sheeting 86 removed. 
A medical grade elastomer 90 (HG. 7B) is then forced into the SRO-CPMF 78 and 80 
to a depth equal to the desired thickness of the porous coating of the resulting final 
product (any excess is drained ofl^ depending on the desired thickness of the nonporous 
portion), after which the parts of the container 74 are again closed tightly and the 
d^tomer is aUowed to polymerize. Additional coats of polymer may be applied to the 
inside Sf the SRO-CPMF to build up the nonporous shell thickness of the final product 
to the desired specifications, (A small hole must be left at some location if introduction 
of additional fiquid form of the final produa material into the void and onto and into the 
surfaces of the mold forms 78 and 80 created by model 82. as wiB be discussed 
momentarily, is needed.) The layers may ^e added before final polymerization, so that 
there may be no inteifabcs betWeen the porous and nonporous portions or between the 
nonporous portions of the device. 

The container 74 is again opened and tiie mold fbmis 78 and 80 are dissolved from 
the elastomer 90 by multiple washings, etc. The resultant breast implant device seen in 
FIG. 7C is partially porous, having a predetermined thickness of porosity on the entire 
outside surface 94. a next interior layer of non-porous elastomer 98. and an interior void 
102. The void may be left or later fiUed with some type of material to provide a breast 
implant with the desired feel. maUeability and function. For example, the void 102 might 
Infilled with a normal saline solution tp yield a saline-^^ The void 

102 might also be filled or paitially filled wiUi a semi-solid such as a partially cross-linked 
silicone elastomer creating a silicone gel-filled implant. Finally, tiie void 102 could be 
filled wiUi a cataljTOd unpolymei^ elastomer and allowed to polymerize and fiiUy cross- 
link to create a rubbeiy, nonporous form witi, a porous covering. For some appUcations. 
it might be necessary to leave the void or to fill tfie void with a gas such as air. 

Another specific ilhistrktive embodiment of the method of tiie present invention 
for making a breast implant involves use of a two-part polyethylene mold 1 14 (FIG. 8A) 
defining a cavity 1 18 having an oval cross^on. into which is placed tiie sugar moldable 
mass 122. Also disposed to extend fi-om tiie mold fonn 122 tiirough an opening in the 
mold 114 is a handle 126 made of stainless steel or odier stable, corrosive resistant 
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material. After forming, the SRO-CPMF 122 with attached handle 126 is removed from 
the mold 1 14. 

Alternatively, to prepare the SRO-CPMF 122 of FIGS. 8A and 2B, the 
polymethylm^ciylate model 82 of FIG. 7A as fixed with stainless steel handle 126, as 
5 in FIG. 8A, may be used by slightly roughening and/or coaling the surface of the model 
with com syrop to encourage adherence^ and then spraying the surface with specific sized 
sugar particles under air pressure,, intimately mixed with a small amount of de-ionized 
water (in a manner amilar to mixing gunite cement). The surfece moistened sugar 
particle^ upon striking the modd surface 82. adhere to the model and to each other. The 
1 0 thidmess of the layer of particles can be controlled to produce a desired tluckness sugar 
SRCM7MF shdl on the outnde of the model 82. This sugar shell would then be allowed 
to diy to form the SRO-CPMF as previously described in FIGS. 8 A and SB. 

. , In dther example above-descnlied. the mold forin is 
alicone dispersion, by holding onto the handle 126 by hand. Vacuum appliication to Uie 
15 moldfonn 122 during or immediately after dipping can increase the depth of penetration 
. < of dw silicbnie disperson and diminate bubbles and coating irregularities within the mold 
, . form. The mold fbrin icanbe redipped into the alicone dispenion, after drying, from two 
to sue times, depending on the desired thickness of the silicone shell bdng formed. The 
first one or two tintes the mold form 122 is dipped into the dispersion, the silicone flows 
20 into the voids in the tiiold form to develop what vnU ultimately be the porous portion of 
. the device 138 (FIGS. 8C and 8D). The subsequent dipping of the mold form 122 will 
simply add nonporous layers 134 (FIGS. 8C and 8D) about the mold form. The thickness 
of the porous portion in the first example may be controlled by controlling the viscosity 
of the silicone dispersion and the amount of time and pressure or vacuum application 
25 during or shortly afler die initial coats, which in turn determines the extent of penetration 
of dispersion into the mold form 122 and in the second example by controlling the 
: . ttucknas of the SRO-CPMF shdl on the polymethyhndhacrylate model 82. 

After conclusion of the dipping steps, the silicone disperson is vulcanized in an 
oven at, fbr example, 275 degrees F. forabout one hour. Then a small (1-1/2 to 2 cm) 
30 hole 130 (FIG. 8B) Is cut into the nonporous alicone covering around the dipping handle 
and th^ hot, de-ionized water is appBed to the hole to reach and dissolve the SRO-CPMF 
material 122. Multiple Washings may be required for this. The resulting silicone device 
consists of a shell whose outer surftu:e 134 (FIG. 8C) is nonporous and whose inner 
surface 138 is porous. The poations of the nonporous and porous surfaces are reversed, 
35 however, by inverting the device through the hole 130 (FIG. 8D) formed to allow entry 
of hot water to dissdve the mold form 122, so that th porous portion 138 (FIG. 8D) of 
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the device is now n the outside and the nonporous portion 134 (FIG. 8D) is on the 
inside, of course, a void or cavity 142 is still present in either device in FIG. 8C or 8D. 

To dose the hole or opening 130, a small solid silicone patch 146 is glued with a 
medical grade sificone adhesive (or a patch of unvulcanized silicone rubber is vulcanized) 
in place over the opening. Of course, the outer patch surface 146 could be made either 
porous or nonporous depending upon the need. Also, conventional self-sealing valves 
could be included m the patch 146 so that previously described materials could be inserted 
into the void 142 at any time. 

Another example of the use of the present invention involves utilizing the SRO- 
CPMF particles 150 (HG. 9) within the final product material 152 by leaving at least some 
of *e SRO-CPMF material in the final produa to be dissolved over time, after 
implantation of the product in a person's body. In efiFect, the device becomes a drug 
deliveiy system for implantation in which the SRO-CPMF material consist^ of or includes 
drugs to be delivered in or on the human body. Examples of such drugs which might be 
included in a device during febrication are gentamicin, tetracycline or cephalosporin 
crystals, but many other drugs available or diufes which can be disposed in wystalline form 
could also be. used, Most drags such as antibiotics, which are usually supplied in a 
powder form, would be dissohred and reciystallized into larger crystals. Depending on 
their inherent sUckiness and heat stabUity. the crystals would then be jJartially dissolved 
and mixed and formed as a moldable mass or heated and compacted, to be used as the 
SRO-CPMF as described for sugar. (A filler medium such as dextrose crystals can be 
mbced with the drag to get a smaller concentration of drag if needed.) Alternatively, the 
crystals can be bound together with a neutral, non-drag interacting, biologically 
compatiUe binding medium, such as a concentrated dextrose solution in a ratio of 1 part 
saturated dextrose solution to between 4 and 40 parts drag crystal 'StiU another 
alternative is to dissolve or suspend the drag particles in powder form in the dextrose 
solution and then use this solution to coat other particles, such as another drag or 
dextrose crystals to form a SRO-CPMF with precipitated dextrose and drag particles on 
tiie surface. The dissdved or suspended drag within the dwrtrose solution may also be 
recrystallized. sized and made into a SRO-CPMF itself as in the previous examples of 
sugar SRO-CPMF. SpedficaUy, an example of such a combination would be the 
dissolution of gentamicin crystals in a phannaceutically pure saturated dextrose (sugar) 
solution, reciystallization and molding of tiiese particles into a SRO-CPMF into which a 
alicone or other final product material is then placed. 

Diflfering concentrations of drag in diflFerent layers (in the same manner in which 
graduated sizes of particles are used in making a SRO-CPMF as in FIG 3B) or different 
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drugs in different layers may be produced within the SRO-CPMF mold material so that 
a different concentration of a certain drug, or a different drug will be encountered as 
ingrowth proceeds depending on the mechanism used by the body for removing the 
selected SRO-CPMF. 

5 As indicated, the drug of drug infiltrated mass may be used as the moldable mass 

for the SRO-CPMF, and a biologically compatible material, such as Medical Grade 
Silicone Rubber, used as the final product material. An RTV (room temperature 
vulcanizii^) ^cone is the prefetred material for the final product so that the heat recfuired 
for other forms of silicone won't be needed-such heat polymerization might otherwise 

10 denature or alter the active form of the drug. . Altemativdy, a polyvinyl alcohol or 
pofyglycofic or polylactic acid, or other absorbable final produa material, nught be used. 
To insure stenUty. the &brication of the SRO-CPMF is done und^r sterile 
.. ^latenals and appUanpes of ^ncatibn are sterilized aiid the drug is supplied as sterile), 
or alternatively, the device is fabricated under ."clean room" conditions ^d the device 

15 sterilized by accepted techniques which do' not alter the bio-activity of the drug. The 
device is then implanted in or placMl on the human body, or into a body cavity, to allow 
tissue to grow into or fluids to penetrate, so that the body will passively and/or actively 
dissoKv the SRO-CPMF to cause release of the drug. Again, the prevention of the thick 
capsule formation and the lack of isolation of the vascularity from the implant, 

20 characteristics vdiich can be built into the porous portion of the device with the above- 
described methods, is an important key to the success of such an irriplanted device. By 
controlling the size of the implant, the amount of sur&ce area of poroshy exposed for 
passive dissolution or tissue ingrowth, the size of the pores, the aze , of the pore 
interconnections, the concentration of the druij in the SRO-CPMF, the water-soluble 

25 - versus fet soluble form of the drug, and the site of implantation, control of the 
pharmacokinetics are ihade posnble. Also, a combined device where drugs are 
incorporated into both the SRO-CPMF and the final product material resulting in a 
biphasic adsorption can be made by physically mixing the drug particles or using 
concentrated drug solutions and mixing then with the final product material and. 

30 procesnng them as described above. 

Another example of the use of the present invention involves production of a 
porous metal or metallic alloy device 154 (FIG. 10) , which in this example includes a 
nonporous section 156 and a porous section 158, for use in or on the human body as an 
electrode or battery plate, etc. To produce metallic partially porous devices, the sugar 

35 SRO-CPMF is first vacuum-impregnated with wax. The SRO-CPMF is then removed by 
dissohition and dried. A conventional ceramic refriictory material, taking the place of the 
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SRO-CPMF, is then vacuum impregnated into the wax. The metal, such as silver, gold, 
Vitallum or other castable metals are then heated to their molten phase and cast into the 
negative wax repUca of the SRO-CPMF made by ceramic refractory material, by standard 
centrifugal casting techniques taking the place of the wax. This creates the same porous 
form as would have resulted if silicone rubber had been introduced into the SRO-CPMF 
as described earlier, but out of metal. 

To create ceramic partially porous devices, the SROrCPMF is vacuum 
impregnated with wax as above, the SRO-CPMF dissolved, and the wax dried. A 
concentrated suspension of fine particle-sized (5mm) ceramic, e.g., -ahimina, is then 
vibrated into the pores of the wax open-ceU porous mold form, and the ceramic is allowed 
^® «>«*>nation of the wax mold form and ceramic are then heated to about 400 
de^ees C. and the wax aUowed to melt arid/or burn off. The ceramic is then sintered at 
1650-1700 degrees C. Theporosity this time is the negative replica of the SRO-CPMF, 
with the sintered ceramic essentiaUy resulting in a duplicate of the SRO-CPMF. 

With the above type constniction technicpies with sugars, waxk refraa^^ 
other selectively removable materials serving as the SRO-CPMF or filling the spaces 
between the SRO-CPMF, poritive or negative copies of the SRO-CjPMF can be created. 
All of the other previously described control techniques as to porous and non-porous 
portions, size and position of the open-cell surface area. etc. are applicable to producing 
the metaUic or ceramic devices described. These devices, as already mentioned, could be 
used in a variety of situations where large surface area exposure of the device is desired. 

Another example of the use of tiie method of the present invention faivolves 
construction of a device as witii any of tiie previous examples but adapted for use as a 
dialysis device or a blood oxygenation device. These devices utilize a douWy portms 
membrane. suchasilhistrated inFIG. il. Mold form material 164 is created as described 
with any ofthe above methods. The fiquid phase final product material OUustratively RTV 
silicone rubber) is Uien forced into tiie interstices of tiie mold form 164. Then, most of 
tiie siUcone rubber is forced out of tiie interstices of tiie moid form by a liquid or gas. such 
as compressed nitrogen gas, leaving tiie mold form with a veiy thin coat of tiie silicone 
rubber 162. This reproduces tfie open-ceUed stiiicture on the side of tiie sUicone rubber 
coat or membrane, opposite tiie location of tiie mold form material-forms a secondary 
porosity 160 (see FIG. 1 1). The next step in tiie process, as described eariier, is to cure 
or polymerize tfie siHcone rubber 162 and to dissolve out the mold form material 164 
creating tiie primary porosity (where tiie mold form material was) . It is helpful to use 
some kind of suifectant, such as a weak soap solution, in both the solution dissolving out 
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the mold form matoial and on the secondary porosity side to prevent adherence of the 
silicone rubber to itself which would close off the porosities thus created. 

When the dissolution of the mold form material is compile, there remains a 
doubly porous silicone rubber membrane 162, with no communication between the two 
5 porosities. The primary porosity 164 (visualized without the mold form material) on the 
one side of the membrane 162 has its porosity, created by the mold form, whereas the 
secondary porosity 160 on the other side of the membrane has its porosity created by 
removing much of the silicone rubber within the interstices of the mold form. This side 
of the ntembrane may then be isolated by standard molding or construction techniques so 
10 thatagas,suchaso}q«en,oraliquid.sud»asakidneydidysissolmion,^ 

through this secondary ponjstty, without cross^airculation m^^ Such 
a device may then be implanted so that the pritnaiy porosity 164 is filled intimately with 
newblood vessds and loose connective dssue/ It h^ 

tissue-compatible, with no fibrosis developing within the primary portidA; and with 

15 capillaries and blood vessels literally within close proximity of the silicone rubber 
membrane. . ' 

With the prostheas described above used as a dialysis device, a standard dialysis 
solution would be drculated through the secondary porosity 160. The membrane 162 
between the porosities 160 and 164 acts like a dialysis membrane in a standard artificial 

20 kidney, removing the unwanted ureas, nitrogen compounds and ions, based on the 
standard difiiision principles. Due to the large surf ace area of the primary porosity, and 
the fact that a capsule doesnt form between the neovascularity and the silicone rubber 
membrane, an implantable dialysns device is now made practical. 

likewise, a siniilar device may be coiistructed for use in blood oxygenation. The. 

25 device would be implanted and a spedfic oxygen concentration circulated through the 
secoulaiy porosity 160. Thisi time, with the thin silicone rubber membrane 1 62 acting as 
a gas transfer membrane, oj^geii is transferred into the capillaries and vessds ingrown in 
the primary porosity 164 and carbon dioxide is removed from the vessels into the 
circulating oxygen in the secondary porosity 160. The carbon dioxide is then 

30 subsequently removed. Using the previous example, a layered membrane or a final 
product with a layer coating, such as shown in FIG. 12, may be created as follows. After 
the thin membrane of the final product of silicon rubber 170 has been applied to the mold 
form, as in the previous example, and cured, but before the mold form is removed, a 
secondary material in its liquid form, e.g., a Biomer polyurethane solution 174 is vacuum- 

35 impregnated into the secondary porosity. This may either be partially blown out as 
described for forming the membrane in the previous example, or a thin (i.e., 10 to 15 
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percent) solution of the Biomer may be vacuum-impregnated and dried (resulting in 
removal of the 85 to 90 percent solvent) in an oven at 50 degrees C. for two hours. This 
leaves a double-layered, interlocking membrane with separate porosity on each side, as 
shown in FIG. 12. 

Similariy, the physical interweaving of two materials processed as above can be 
used to advantage in joining two disanrilar materials (which do not readily adhere) to eadi 
other. This can be done so that there is double porosity left as in the FIG. 1 2 example. 
Two other methods can also be used to join the two materials, and ^ve a porous or a 
nonporous surfece on one side. Using the example described for FIG. 11, the thin siUcone 
rubber membrane is applied to the mold form and cured, but the mold form is kqjt in 
place. The next material, say a catalyzed polyester resin, is vacuum-impregnated into the 
secondary porosity and aUowed to polymerize. The mold form is removed, resulting in 
a nonporous polyester surface and polyester intralocking structure in intimate contact with 
the thin silicone membrane, with porosity on the side of the membrane away from the 
polyester resiii. a'^ 

In a anrilar manner, two sheets or striictures can be joined utilizing the porosity. 
This is done by creating a partially porous sheet of silicone rubber, as described in the 
examjrie accompanying FIG. 6, having a nonporous section 186 (FIG. 13) and a porous 
section 184. After drying, a catalyzed polyester resin is vacuum-impr^nated into the 
porosity of the silicone rubber. After polymerization, the resultant stoucture has two 
nonporous surfaces. 186 for the silicone nibber 186. and 180 for the polyester resin, with 
their associated porosities 184 and 182 respectively being in intimate contact mechanically 
to mterlock the two materials together. 

It is to be understood that the above-described arrangtanents are only jlhistrative 
of the appHcation of the principles of the present invention. Numerous modifications and 
alternative anangcments may be devised by those skiUed in the art without departing from 
the spirit and scope of the present teadiing and the appended claims are intended to cover 
such modifications and arrangements. 
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CLAIMS 

1 . A device, at least a portion of which is porous, for use as a prosthesis, 
S treatment implement, and other utility comprising a body of material having an entirely 
open-cell porous section at a surface area of the body, said open-cell porous section 
having irregularly shaped pores joined by pore interconnections, both being defined by 
pore walls and pore mterconnection walls of said material, wherein the wall terminations 
at said surface area have a generally smooth and gradually varymg sur&ce context, and 
1 0 wherein the walls in the porous section bdow the sur&ce of said surface area have smooth 
and gradually varying sur&ce configurations. 

. 2. A device as in Claim I wherein the pores of said porous section vary in 
size. . . 

15 ■ .f'- 

3. A device as in Claim 2 wherein the pores vary in size gradually from one 
location in the porous section to another. 

4. A device as in Claim 1 wherein the pores in a portion of said porous 
20 section have a generally uniform predetetnvned first size, and the pores in another portion 

of said porous section have sizes generally different £rom said first aze. 

5 . A device as in Claim 1 wherein said body of material includes a nonporous 

section. 

25 

6. ■ Adevice as in Claim S whereiii said body of material comprises a single 
unitary body in which the porous section extends to a selectable predetermined depth in 
the nonporous section. 

30 7. A device as m Qaim 5 v^ieretn the porous section is constructed of a first 

piece of material, and the nonporous section is constructed of a second piece of material 
joined to said first piece. 

8. A device as m dsam 5 wheran said nonporous section forms a central core, 
35 and wherein said porous section is formed to surroimd at least a part of the central core. 
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9. A device as in Claim 5 wherein said porous section forms a central core, 
and wherein said nonporous section is formed to surround at least a part of the central 



core. 



10. A device as in Claim 5 wherein at least one of said sections is fonned to 
surround a central void. 

11. A device as in claim 10 wherein said nonporous section is fonned to 
surround at least a portipn of the central void, and wherein said porous section is formed 
to surround at least a portion of Uie nonporous section. 

12. A device as in Claim 10 wherein said porous section is formed to 
surround at least a portion of the pentral void to face outwardly therefrom. 

13. A device as in claiins 9, 10, 11 or 12 further including a working 
materia] disposed in the central void or centi^ core. 

14. A device as in Claim 5 wherein said body ofmaterial includes a thin 
nonporous section sandwiched between two porous sections. 

15. A device as in Claim I wherein said body is elastomeric. 

16. A device as in Claim 1 wherein said body ofmaterial is substantiaUy 

ri»d. 

17. A device s in qaiinl wherein said body of material includes 
electrically conductive material. 

18. A device as in claim 1 wherein said body ofmaterial is made of a 
material selected from the group consisting of polymers, metals, metal alloys, ceramics, 
biological derivative material, and combinations thereof. 

19. A device as in Claim 18 further including a selected drug dispersed in said 
material 
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20. A device as in Claim 18 wherein a portion of said body of material 
comprises a plurality of fibers. 

21. A device as in Claim 1 fiirther including a selected drug disposed in the 
pores of the porous section. 

22. A device as in Claim 21 fiirther inchiding a drug cair^g medium disposed 
in the pores of the porous section for holding the drug. 

23. A device as in Claim 1 Wherein sud porous section is formed to include 
a wall, a first set of continuously interconnected pores disposed on one iside of the wall, 
and a second set of continuously interconnected pores disposed on the other side of the 
wall, out of conimuiucationWith the first set of pores. . - - . 

24. A method of preparing a deyice of a selected material to have pores and 
pore bterconnections of predetermined siz^ and shapes, comprising the steps of: 

(a) forming a selectivdy removable open-cell porous mold form 
comprising particles which adhere to one another, said particles corresponding to 
said predetermined pore idzes and shapes, and connections between said particles 
^ch bind said particles together in said form, said connections corresponding to 
said predetermined sizes and shapes of said pore intercoimections; 

(b) filling the vacancies between said particles and connections of 
said form with said selected material; and 

(c) sdectively removing said form whereby said selected material 
remaiiis, therd>y forming said porous device with the pores and pore 
interconnections corresponding in size and shape to said particles and 
connections re^ectivdy. 

25. Amdh6dasinClaim24whereinstcp(a)indudesfonn^ 

a void, and wheran step (b) includes at least partly filling the void with said selected 
material. 

26. A method as in Claim 24 ixdierein said form is removed in said step (c) by 
sdective dissolution, mdting. bumuig, sublimation, or chemical or biological degradation. 
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27. A method as in Claim 24 wherein step (b) comprises initially filling the 
vacancies between said panicles and connections with a precursor material and then 
converting said precursor material to said selected material. 

28. A method as in Claim 27 wherein said precursor material comprises a 
material having a Uquid phase for filling the vacancies, and a solid phase representing the 
selected material. 

29. A method as in Claim 27 wherein said precursor material comprises a 
plurality of particles which miQf be heated to fuse together in a continuous integral form. 

30. A method as in Claini 27 wherein said precursor material comprises a 
material selected from the group consisting of polymers, metals, metal alloys, ceramics, 
biological derivative material and combinations thereof 

31. A method as in Claim 24 vjherdn the selected material of step (b) is 
substantially elastomeric. 



32. A method as in Claim 24 wherein the selected matwial of step (b) is 
substantially rigid. 

33 . A method as in Claim 24 wherein the mold form of step (a) includes a 

drug. 

34. A method as in Claim 24 wherein the selected material of step (b) includes : 

a drug. 

35. A method a^ in Claim 24 wherein step (a) further comprises the step of 
disposing in the form aphiraHty of fibers, at least some of which are exposed within the 
form, and wherein step (b) fipther comprises pkcing the selected material in contact with 
at least some of the fibers tp adhere thereto, such that at least some portion of some of 
the fibers are exposed in the pores and pore interconnections. 

36. A porous device made in accordance with the metiiod of Claim 24. 
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37. A method of forming a porous device of a selected material having afiqiid 





form and solid form. 


and whose pores and pore interconnections have predetermined 




shapes and sizes, com 


prising the steps of 




(a) 


providing a predetermined volume of particles of predetermined 


5 


shape and size 


: distribution of a mold form material which is co-bindable when. 




subjected to a predetennined treatment; 




(b) 


treating said volume df particles to enable said particles to 




cohesively bind 


I, forming a angle continuous mold form with interconnected voids 




' therem; 




10 


(c) 


solidifying said mold form; 




(d) 


filling the interconnected voids with said selected material in its 




liquid form; 








converting the selected material fivm its liquid form to its solid 




form; and 




15 


' (f) ■ " 


selectively removing the mold form from the solid form selected 



material. . 

38. A method as in.Gaim 37 wherein st^ (b) includes contacting said volume 
of particles with a selected liquid to partially dissolve said particles to cause them to bind 

20 together and wherein step (c) includes removing residues of said liquid to allow the form 
to solidify. 

39. A ihetbod as in Qaim 37 wheron step (b) comprises coating said partides 
with a liquid polymer, and wherein step (c) comprises polymeriaiig said liquid polymer 

25 to solidify said mold fprm. 

40. A method as iii Claini 37 wherein step (b) inchides applying heat 
to said particles to cause them to partially mek aiid bind together, and wherein step (c) 
includes cooling said particles to solidify said form. 

30 • ■ . . 

■41. A niethod as in Qaim 37 &nher comprising the step of applying pressure 
to said form during solidification thereof to reduce the void sizes between said partides. 

42. A method as in Claim 37 further comprising the stq> of applying a partial 
35 vacuum to said form during solidification thereof to expand the void sizes between said 
particles. 
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43 A method as in Claim 37 wherein said particles are also porous. 

44. A method as in Claim 37 wherein step (b) includes forming a single 
continuous form vMch is elastomeric. 



45. A method as in Claim 37 wherein step (b) includes forming a single 
continuous form which is substantially rigid. 

46. A method as in Claim 38 further including the step of comrolling the 
proportion of Uquid employed to thereby define a desired degree of porosity and/or the 
degree of conformity of the shape of the pores and interconnections to the shape of the 
particles prior to partial dissolution. 



47. A method as in Claim 37whertii'step(d)fiirther comprises controlling*^ 
liquid viscosity of the selected material to thereby define a desired degr^ of porosity 
and/or the degree of confonnity of the shape bf die po^es and pore interconnections to the 
shape of the particles prior to step (c). 

48. A porous device made in accordance with the method of Claim 37. 

49. A method of preparing a device of a selected material, at least a part of 
which is porous, comprising the steps of 

(a) forming a selectively removable open-ceUed porous mold form 
having paitides and particle connections defining voids and void interconnections 
therd}etween, 

(b) coating at least some ofthe particles arid particle conneaions with 
one or more materials having predetermined characteristics, 

(c) filling the voids and void interconnections in said form witfi said 
selected material, and 

(d) selectively removing said form to tiiereby develop the desired 

device at least some of whose surf ace areas include a coating of material having 
the predetemiined characteristics. 

50. A method as in Claim 49 wherein die coating material of step (b) is 
conductive. 
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51. A device made in accordance with the method of Claim 49. 



52. A method of forming a doubly porous, device comprising the steps of 

(a) fomung a sdecttvely removable open-cdl porous mold form having 
5 paitides and particle connections defining voids and void interconnections in the 

form, 

(b) coadttg at least some of the paitides and particle connexions with 
a layer of sdected material, and 

(c) removing said form to thereby develop the desired doubly porous 
10 device having-two porous sections separated by a layer, of selected material. 

53. A method as in Claim 52 wherdn step (b) Comprises filling the voids and 
vcHd interconnections in said form vvith said sdected material, en 

said voids and void interconnections to remove the sdected material fi-om the voids and 
15 void interconnections except for a coating reitiaiiung on the paitides and particle 
interconnections. ' 



54. A device made in accordance with the method of Claim 52. 



S5. A device induding one or more portions for promoting neovascularization 
and ingrowth of vascularized tissue, said portions comprising: 

tissue contacting means for promoting neovascularization and ingrowth of 
vasoilarized tissue and for nuninuzing foimaiion of fibrous, scar, or capsule tissue, 
said tissue contacting means comprising: 

a) a phirality of pores; 

b) a plurality of pore inttfconnections; 

c) said pores bdng each connected to at least one adjacent 

pore; 

d) sdd pores being substantially continuously interconnected 
with each other to thd^y form an open-cell configuration; and 
wherein the pores and pore interconnections have suifaces which are 

substantially smoothly flo\nng ^d substantially free of sharp edges. 

' 56. A device as described in claim 55 wherein the open-cell configuration 
comprises a depth of greater than one pore in three dimensions substantially throughout 
the entirety of the porous porti n. 
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57. A device as described in claim 55 wherein a substantial portion of the pores 
are selectively sized within a range of approximately 20^m to 1 .000/im. 

58. A device as described in daim 55 wherein a substantial portion of the pores 
are selectively sized within a range of approximately 25^m to ISOaoti. 

59. A device as described in clahn 55 wherein the configured pores and pore 
interconnections are formed in layers wherein each said layer has a different porosity. 

60. A device as described in claim 55 wherein the tissue contacting means 
forther comprises fibers oriented such that portions of the fibers extend into the pores and 
pore interconnections. 

61. A device as describ«id in claim 55 wherein the tissue contacting means 
fiirthercomprisesapacrpnmesh material. ' - ' : ' 

62. A device as described in claim 55 wherein.the tissue contaaing means 
further comprises a substance vyithin the pores and pore interconnections. 

A device as described in claim 62 wherein the substance is dissolvable in 



64. A device as described in claim 62 wherein the substance comprises a 
phannaceutica] composition. 

65. A device as described in claim 55 wherein the device comprises an 
dectrode. 



66. A doubjy porous device for promoting neovascularization and ingrowth 
of vascularized tissue, said device comprising: 

a first porous pqrtion and a second porous portion, said first and second 
porous portions separiited by a membrane and wherein at least one of said porous 
portions includes: 

tissue contacting means for promoting neovascularization and 
ingrowtii of vascular tissue and for minimizing f rraation of fibrous, scar, 
or capsule tissue, said tissue coriuctmg means comprising: 
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a) a plurality of pores; 

b) a plurality of pore interconnections; 

c) said pores bang each connected to at least one 
adjacent pore; 

d) said pores being substantially continuously 
interconnected with each other to thereby form an 
open-cell configuration; and 

whierein the pdi^s and pore interconnections have : surfaces 'wiiich are 
substantially smoothly flowing and substantially free of sharp edges. 

67. A doubly porous device as descnbed in claim 66 fiirther comprising blood 
oxygenation means for ox^genaitihg blbbd within vascular tissue ingrown into said first 
porous portion, said cnygenation means comprising a selected oxygen-containing medium 
within sud second porous portion and wherdn said membrane separating said first and 
second porous portions is permeable to permit oxygen exchange therethrough. 

68. A doubly porous device as described in claim 66 further comprising blood 
dialyas means for dialyzing blood within vascular tissue ingrown into said first porous 
portion, said dialysis means comprising a selected dialysate within said second porous 
portion and wherdn said membrane separating said first and second porous portions is 
permeable to permit dialysis therethrough. 

69: A doubly porous device as described in claim 66 further comprising a 
selected material placed within at least one of said porous portions. 
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FIG. 2B 
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FIG. 3B 
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FIG. 5A 
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FIG. 5B 




FIG. 5C 




FIG. 5D 



FIG. 6 
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FIG. 7C 
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FIG. 11 
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FIG. 13 
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